In the present paper we study the effect of rigid boundary on the propagation of Love waves in an inhomogeneous substratum over an initially stressed half space, where the heterogeneity is both in rigidity and density. The dispersion equation of the phase velocity has been derived. It has been found that the phase velocity of Love wave is considerably influenced by the rigid boundary, inhomogeneity and the initial stress present in the half space. The velocity of Love waves have been calculated numerically as a function of KH (where K is a wave number H is a thickness of the layer) and are presented in a number of graphs.
Introduction
The earth is a non-homogeneous medium with variations in density and rigidity in constituent layer. A study on earth structure and earth quakes [1, 2] says that inside the earth there exist materials which are anisotropic in nature i.e., deviate from the directionally regular elastic behaviour of an isotropic material. The study of generation and propagation of waves in layered anisotropic media, with various geometrical configurations are important in Geophysics, Seismology, Acoustic and Electromagnetism. Theoretical studies of anisotropy usually dealt with limiting case such as infinitesimal thickness and infinite wavelength, or with infinite thickness and infinite frequency. According to some seismologists anisotropy is the limiting case of a laminated solid as the laminations become infinitesimal, and Stoneley considers surface wave propagation along a half space.
The effect of inhomogeneity and rigid boundary on Love wave propagation is becoming increasingly important as seismologists study the structure of earth in ever finer details. Love waves are more sensitive to structural complexities than are Rayleigh waves. The propagation of Love waves in a medium having different types of crustal thickness was discussed by Satô [3] and De Noyer [4] .
Propagation of Love waves under some particular physical conditions which are likely to exist in the interior of the earth is studied in this paper. It is Love [5] , who first predicted that the earth is in a state of high initial stress. Due to atmospheric pressure, gravity vibration, creep, difference in temperature, large initial stresses may exist inside the earth. The stresses which exist in an elastic body even though external forces are absent are termed as initial stresses and the body is said to be initially stressed. These stresses might exert significant influence on the elastic waves produced by earthquakes, explorations or impacts. Thus, it is imperative to deal with the properties of wave propagation under initial stress. It was Biot [6] who first pointed out that the initial stress influences elastic waves to a great extent. The theory of incremental deformation formulated by Biot [7] in his famous book "Mechanics of Incremental Deformation" has been employed by several authors to study the propagation of surface waves in pre-stressed elastic solids. Propagation of Love waves in a non-homogeneous orthotropic elastic layer under initial stress overlying semi-infinite medium is studied by Abd-Alla and Ahmed [8] . Khurana [9] has shown the effect of initial stress on the propagation of Love wave. Wave velocities in a pre-stressed anisotropic elastic medium have been studied by Sharma and Garg [10] . References to be made to Das and Dey [11, 12] , Dey [13] , Dey and Addy [14] , Chattopadhyay and De [15] , Chattopadhyay and Kar [16] and others. They suggested that the studies on the problem of elastic wave inside the earth deserve the consideration of initial stresses present in the medium. These stresses might exert significant influence on the elastic waves produced by earthquakes, explorations or impacts. Thus, it is imperative to deal with the problems of wave propagation under initial stress.
The near surface of the earth consists of layers of different types of material properties overlying a half space of various types of rock, underground water, oil & gases. So, the studies of the propagation of seismic waves will be of great interest to seismologist. A detail study on elastic wave propagation and its generation in seismology had been made by Pujol [17] and Chapman [18] . In the present paper Love wave propagation in anisotropic layer of sandstone with rigid boundary over a prestressed orthotropic quartz medium has been studied. The inhomogeneity of the layer is taken into consideration by assuming
and , m is a constant and having dimen-
sion that is inverse of length. Also the inhomogeneity of the half-space has been taken as
where a, b are constants and having dimensions that are inverse of length. The initial stresses P present in the inhomogeneous quartz half space also have effect in the velocity of propagation. The initial compressive stress is seen to reduce the velocity. The upper boundary plane of the layer is assumed to be rigid, and both the rigidity and the mass density of the underlying half space are assumed to increase linearly with depth.
Formulation and Solution of the Problem
Consider an inhomogeneous anisotropic layer of finite thickness H over an initially stressed inhomogeneous quartz half-space. We assume that the upper surface of the crustal layer is rigid and horizontal. The -axis is taken vertically downwards in the lower medium. The z x -axis is chosen parallel to the layer in the direction of wave propagation, origin being taken at the depth H below the upper surface of the layer as shown in Figure 1 . and , N L  are the directional rigidities and density at any point in the layer which is assumed to be transversely isotropic with z -axis as the axis of symmetry. The inhomogeneity of the layer has been taken as
m is a constant and having dimension that is inverse of length. In the half space rigidity and density vary linearly with depth i.e. 
Solution for the Layer
Let and be the displacement components in the x, y and z direction respectively. Starting from the general equation of motion and using the conventional Love waves conditions viz., and
of motion in absence of body force can be written as [7] 
For a wave propagating along x -direction, we may assume
Using Equation (2), Equation (1) takes the form
in Equation (3), we get 
The variations in rigidities and density are taken as
where m is a constant having dimension inverse of length. Using Equation (5), Equation (4) changes to
where
The solution of Equation (6) may be assumed as 
Solution for the Half-Space
The lower medium is considered as inhomogeneous quartz half-space under initial horizontal compressive stress along x-axis. The eqn. of motion corresponding to the displacement due to Love waves can be written as [7] 
where ij s are the incremental stress components in the half-space, is the initial compressive stress along the x-direction, and P  is the density of the material of the half space. In the present problem we have
Using the stress-strain relations 
And the relation (10), the equation of motion (9) can be written as
be the solution of Equation (12) . Using Equation (13) , Equation (12) takes the form
in Equation (14) to eliminate the term dV dz , we get 
Hence, the displacement component in the heterogeneous half-space is given by
Expanding Whittaker's function up to linear terms Equation (18) 
Boundary Conditions and Dispersion equation
At the interface, 0 the continuity of the stress requires that At rigid boundary , the displacement is vanishing so that =0, at and the continuity of the displacement requires
where y f  is the incremental boundary force per unit initial area in the pre-stressed half-space at deformed stage, the physical explanations of which may be obtained from Figure 2 . In the boundary conditions the quantities (i.e. 
Putting the values of 1 2 , K K and 1 m in Equation (24),
we get 
is the non-dimensional parameter due to in The Equation (25) gives the phase velocity of Love in an inhomogeneous anisotropic layer over an initially stressed inhomogeneous space wh upper boundary plane of the layer is assumed to be rigid.
3.
If the half-space is taken as Gibson half-space i.e., rigidity varies linearly with depth whereas the density remains constant. In this case but so that . 
where 
 which is the dispersion equation of Love wave in a homogeneous layer over an initially stressed half space with constant density and when upper boundary plane is assumed to be rigid. 
Equation (27) gives the phase velocity of Love wave in a homogeneous isotropic layer over a homogeneous half space when the upper boundary plane of the layer is assumed to be rigid and half space has no initial stress.
Note that the equation for the phase velocity c of the Love waves in a layer overlaying a half-space, when the upper boundary plane is not rigid, is given by
It can be seen from Equation (27) and Equation (28) 
Numerical Computation and Discussion
In order to show the effect of rigid boun non-homogeneity and initial stresses on of Love waves, numerical computation of Equation (25) were performed with different values of parameter (Tabl id surface is different from that in a layer with a free surface. Figures 3 and 6 gives the dispersion curves in the absence of initial stress, shows that the velocity of Love wave decreases rapidly when the values of KH increases the e of rigid boundary and initial stress. This also reflects that the velocity of Love wave is finite in the vicinity of the surface of the half-space and vanishes as depth increases for a particular wave number. Moreover, in the presence of rigid boundary, it has been found that the velocity of Love wave increases for a particular value of KH when compared with the case of a layer having free surface. ledgements he author conveys their sincere thanks to Indian School f Mines, Dhanbad, for providing JRF, Mr. Sumit Kuma ishwakarma and also facilitating us with best facility. e are also grateful to the honourable referees for their valuable suggestions for improving the manuscript.
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